A facile route to single crystals of Nb 3 Br 8 by the reaction of NbBr 5 with the wall of the niobium reaction vessel at 800 • C is reported. The crystal structure (a = 707.87(5), c = 3895.7(6) pm, R3m, Z = 6) was determined from diffractometer data; the crystal data are compared with those obtained from film data in 1966 which were of already high precision. Triangular {Nb 3 } clusters with Nb-Nb distances of 288.6(2) pm are surrounded by 13 bromide ligands which bridge them to double layers, {Nb 3 }(µ 3 -Br4) i 1/1 (µ 2 -Br1) i (3/2)·2 (µ 1 -Br2) a-a 6/2 (µ 1 -Br3) a-a-a 3/3 that are stacked to a 12R structure.
Introduction
The systems Nb/X with X = Cl, Br, I contain, as stoichiometric phases, halides of the composition NbX 2.67 = Nb 3 X 8 . These were thought to be the lower end of a homogeneity range, for example for NbCl x with 2.67 ≤ x ≤ 3.13 [1] , but none of the halide-richer phases have been characterized by diffraction methods so far. There are two crystal structure types, called α and β , for the composition Nb 3 X 8 [2] . In both crystal structures, closest packed double layers of X atoms are present between which 3/8 of the octahedral voids are occupied by niobium atoms such that these build triangular clusters. Both structures were first determined from single crystal X-ray diffraction data (film techniques), in 1961 for the example of Nb 3 Cl 8 (= α) [3] and in 1966 for the examples of Nb 3 Br 8 and Nb 3 I 8 (= β ) [2] . The crystal structure of Nb 3 Cl 8 has been refined with modern precision in 2001 [4] . Diffractometer data for Nb 3 Br 8 are missing although the electronic structure of Nb 3 Br 8 has been evaluated previously [5] .
As part of a broader study of niobium and tantalum halides [6] we now have not only obtained RbNb 4 Br 11 0932-0776 / 10 / 0600-0770 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com [7] but also found a facile route to grow single crystals of Nb 3 Br 8 .
Results and Discussion
Single crystals of Nb 3 Br 8 were obtained by reduction of NbBr 5 with the wall of the niobium reaction vessel at 800 • C. The crystal structure is that of the previously reported β form, first determined from film data and published in 1966 [2] . Table 1 compares present and previous results and attests to the high precision of the structure as determined from film data.
In the crystal structure of Nb 3 Br 8 , two closest packed layers of bromide ions form a double layer in which three out of four octahedral voids are occupied by niobium atoms, in such a way that triangular niobium clusters with Nb-Nb distances of 288.6(2) pm occur (Fig. 1) . The double layers are stacked in a rather complicated manner, with six double layers stacked in the [001] direction to give a 12R structure (Fig. 1) cluster on one side (µ 3 bridging), three Br1 cap the three edges of the triangle (µ 2 bridging), six Br2 (µ 1 ) are connecting to six surrounding clusters via a-a bridges, and three Br3 (µ 1 ) to three neighboring clusters via a-a-a bridges. This may be put in the formulation {Nb 3 
6/2 (µ 1 -Br3) a-a-a 3/3 (for the nomenclature, one may consult refs. [11, 12] [13] , voids between the double layers are occupied.
Experimental Section
NbBr 5 was prepared following the route described in Brauer's Handbook [14] from niobium powder and bromine in a sealed niobium ampoule at 300 • C. The crude product was sublimed for purification. For the synthesis of Nb 3 Br 8 , 0.2 g NbBr 5 was sealed by He-arc welding in a niobium ampoule. The niobium container was jacketed with a silica ampoule and heated at 800 • C for two days. All manipulations were carried out under conditions that strictly excluded air and moisture, mostly in an argon-filled drybox (MBraun, Garching).
Single crystals of Nb 3 Br 8 were obtained as black plates in an approximately 25 % yield. They were selected in a dry box and sealed in thin-walled glass capillaries. The crystal quality was checked by Laue patterns, and the best specimen was transferred to a Stoe Image Plate Diffraction System (IPDS-I). A complete intensity data set was collected using graphite-monochromatized MoK α radiation (λ = 71.073 pm). A numerical absorption correction based on crystal shape optimization was applied for all data (X-SHAPE), and the data set was merged to 578 unique reflections using the X-AREA program suite [15] . For structure solution and refinement the WINGX suite of programs [16] including SIR-92 [17] and SHELXL-97 [18] was used. The last refinement cycles included anisotropic displacement parameters for all atoms.
Crystal data for Nb 3 Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www.fizinformationsdienste.de/en/DB/icsd/depot anforderung.html) on quoting the deposition number CSD-421609.
